
A Determination of theA Determination of the
CKM Parameter |VCKM Parameter |Vusus||

Ed Blucher, Ed Blucher, SashaSasha  GlazovGlazov, Rick Kessler, Rick Kessler
University of ChicagoUniversity of Chicago

KTeV MeetingKTeV Meeting
May 21, 2004May 21, 2004



Method to Extract VusMethod to Extract Vus

radiative
corrections
(theory)

Form Factor
at t=0 (theory)



To determine the six main branching fractions,
KTeV measures the following ratios of
partial decay rates:

Ke3+Kµ3: 70%        3π:  30%           2π: 0.3%
Sample sizes: 105   to  106



kk++��������0 0 for Partially Reconstructedfor Partially Reconstructed
DecaysDecays



data-MCdata-MC
comparison ofcomparison of
lab Elab Eγγ   (right)   (right)
and rad-BRsand rad-BRs
agree well for allagree well for all
4 charged modes.4 charged modes.

BRs Include Radiated Photons!BRs Include Radiated Photons!



Beam Intensity CrosschecksBeam Intensity Crosschecks

High vs.High vs.
LowLow
IntensityIntensity
χχ22/ / dofdof
= 3.4/5= 3.4/5



Analysis CrosschecksAnalysis Crosschecks
�� KKLL  ��  ππ++ππ��ππ0  0  yield without/with yield without/with ππ0 0 ��γγγγ
    detection in CsI agree to (0.03     detection in CsI agree to (0.03 �� 0.28)% 0.28)%

�� KKµµ3  3  yield without/with yield without/with µµ system agree to 0.06% system agree to 0.06%



Main Systematic UncertaintiesMain Systematic Uncertainties

� 3ππππ0/Ke3 ratio :
    => 0.6%  two-track efficiency uncertainty
    => 0.4%  uncertainty in 3ππππ0 recon
    => 0.6% uncertainty from detector material
� 0.35% uncertainty in loss from ππππ-interactions
    (affects ratios with different # of charged ππππ)



Uncertainties onUncertainties on
Partial Width RatiosPartial Width Ratios
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Partial Width Ratio ResultsPartial Width Ratio Results

KTeV ratios withKTeV ratios with
KKe3 e3 in denominatorin denominator
disagree with PDG.disagree with PDG.

Only Only ΓΓ(2(2ππ00)/)/ΓΓ(3(3ππ00))
agrees with PDG.agrees with PDG.



KTeV Branching FractionsKTeV Branching Fractions
assuming  assuming  ΣΣΣΣΣΣΣΣB = 0.9993B = 0.9993



KTeV/PDG RatiosKTeV/PDG Ratios



Comparison with IndividualComparison with Individual
ExperimentsExperiments

MKTeV    = KTeV 
               measurement
Mexp  = measurement 
            from previous 
            experiment



Aside: CP Violation Parameter |Aside: CP Violation Parameter |ηηηηηηηη++��������||
Determined fromDetermined from

KTeV Branching FractionsKTeV Branching Fractions
KTeV 2KTeV 2ππ BRs BRs



Semileptonic Form FactorsSemileptonic Form Factors
(to determine I(to determine IK K integrals)integrals)

 
Parametrization:



Semileptonic Form Factors:Semileptonic Form Factors:
MethodMethod

KK
ππππππππ

��������

νννννννν

t = (t = (ppKK  �������� p pππππππππ))22

* Kinematic ambiguity => two possible t-values* Kinematic ambiguity => two possible t-values
*To avoid ambiguity, compute “t*To avoid ambiguity, compute “t

��������
”” using only  using only 

  transverse quantities.  transverse quantities.



Semileptonic Form FactorsSemileptonic Form Factors

13.72 13.72 �������� 1.31 1.31λλλλλλλλ00

3.20 3.20 �������� 0.69 0.69λλλλλλλλ++’’’’

20.64 20.64 ��������1.751.75λλλλλλλλ++’’

ValueValue
 (x10 (x10-3-3))

FormForm
FactorFactor
ParameterParameter



Semileptonic Form FactorsSemileptonic Form Factors

Ignore 2Ignore 2ndnd order order
term in KTeV toterm in KTeV to
compare withcompare with
previous previous 
measurementsmeasurements



Semileptonic Form FactorsSemileptonic Form Factors

KTeV KTeV λλ0  0  agreesagrees
with only 2 of 8with only 2 of 8
previous previous 
measurements.measurements.



Lepton Universality Check withLepton Universality Check with
Semileptonic Branching FractionsSemileptonic Branching Fractions

and Form Factorsand Form Factors

Long-distance rad corrections:
Andre calculates ratio 
to be  1.0058(10)

☺☺☺☺☺☺☺☺



Summary of Vus Changes fromSummary of Vus Changes from
KTeVKTeV

*ΓΓΓΓKe3 : goes up by 5% 
*ΓΓΓΓKµ3 :no significant change

**IIe goes down 1.7%
*Iµ goes down 4.2%
  (each includes -1% shift from λλλλ’’)



Theory CorrectionsTheory Corrections

short-distance
rad cor: 1.022 Leutwyler-Roos 84:

       f+(0)=0.961(8)

+ recent works …

long-distance rad
cor from Andre,

δδδδe = 1.013
δδδδµ = 1.019



|Vus|*f|Vus|*f++(0)  Results and(0)  Results and
ComparisonsComparisons

σσσσtheory



Summary of Uncertainties onSummary of Uncertainties on
|V|Vudud||2 2 + |V+ |Vusus||22

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

0.0014

0.0016

 V Vudud   f   f++(0)   (0)   ττττττττLL            δδδδδδδδKK     PDG02       KTeV     PDG02       KTeV
                                       BR   FF      BR   FF                                       BR   FF      BR   FF K

T
eV

-P
D

G
 d

iff
 in

 K
L 

|V
us

|2 



ConclusionsConclusions
� KTeV measurements result in +3% shift in |Vus|
     compared to PDG (from KL  decays);
� Our |Vus| value is consistent with unitarity and also

consistent with BNL-E865.
� Four of the six largest KL branching fractions differ
     from PDG by  5-7%.
� Our |ηηηη+����| value is 2.6% lower than PDG.
� First detection of 2nd order term (λλλλ’’)  in
    t-dependence of semileptonic form factor.
� To improve |Vud|2 +|Vus|2 unitarity test:
    => more precise |Vud|
    => better theoretical treatment of f+(0).
    => more precise  ττττL



KTeV Publications on VusKTeV Publications on Vus

June ? 2004June ? 2004Phys. Rev. DPhys. Rev. DKK��������3 3 formform
factorsfactors

June ? 2004June ? 2004Phys. Rev. DPhys. Rev. DKKLL  BRs  BRs
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